We investigate the Standard Model Higgs boson production in e − γ collision. The electroweak one-loop contributions to the scattering amplitude for e − γ → e − H are calculated and expressed in analytical form. We analyze the cross section for the Higgs production in e − γ collision for each combination of polarizations of the initial electron and photon beams. The feasibility of observing the Higgs boson in e − + γ → e − + b + b channel is examined.
I. INTRODUCTION
A Higgs boson with mass about 125 GeV was discovered by ATLAS and CMS at LHC [1] and its spin and parity and its couplings to other particles have been examined [2] . For further detailed studies of its properties, a new accelerator facility, a linear e + e − collider, which offers much cleaner experimental collisions, is attracting growing attention [3] . Along with e + e − collider, other options such as e − e − , e − γ and γγ colliders have been also discussed. See Refs. [4] - [8] and the references therein. Each option for colliders will provide interesting topics to study, such as the detailed measurement of the Higgs properties and the quest for the new physics beyond the Standard Model (SM). An e − e − collider is easier to build than an e + e − collider and may stand as a potential candidate before positron sources with high intensity are available. The e − γ and γγ options are based on e − e − collisions, where one or two of the electron beams are converted to the photon beams.
In this paper we investigate the production of the SM Higgs boson (H) in an e − γ collider 1 . We examine the reaction e − γ → e − H at one-loop level in electroweak interaction. Particularly, we are interested in the contribution from the two-photon fusion process γ * γ → H which is described by the "so-called" transition form factor of the Higgs boson [9] . One of the advantages of linear colliders is that large polarization can be obtained for both beams. We analyze the Higgs production cross section in e − γ collision for each combination of polarizations of the initial electron and photon beams and discuss the feasibility of observing the Higgs bosons.
In the next section, we classify the one-loop diagrams for the reaction e − γ → e − H into four groups. The contribution to the scattering amplitude from each group of the diagrams is evaluated in unitary gauge and expressed in analytical form. In Sec. III, the dependence of the reaction on the polarizations of the initial electron and photon beams is emphasized. Both the differential cross section and cross section for e − γ → e − H are examined in each case of polarizations of the initial beams. In Sec.IV we consider the case when a high-intensity photon beam is produced by laser light backward scattering off a high energy electron beam and we analyze the Higgs production in e − γ collision using an e − e − collider machine. The final section is devoted to the conclusions. For completeness we add three Appendices where the Feynman rules we use are enumerated in A, the analytical expressions of the relevant scalar one-loop integrals are given in B and the contributions from the interference terms are written down in C.
II. HIGGS PRODUCTION IN e − γ COLLISION
We analyze the Higgs production in e − and real γ collision experiment,
1)
The Higgs boson we consider is the one in the SM. The relevant Feynman diagrams for this process start not at tree-level but at one-loop level in electroweak interaction. We calculate the relevant one-loop diagrams in unitary gauge using dimensional regularization which respects electromagnetic gauge invariance. In the unitary gauge, only the physical particles appear and ghosts and Goldstone bosons are absent. The gauge boson propagators in unitary gauge and the relevant Feynman rules for the three-and four-point vertices which we use for this work are summarized in Appendix A. The one-loop diagrams which contribute to the reaction (2.1) are classified into four groups: γ * γ fusion diagrams ( Fig.1, 2 ), Z * γ fusion diagrams, "W ν e " diagrams ( Fig.3 ) and "Ze" diagrams (Fig.4 ). Since k 2 is the momentum of a real photon, we have k 
2) A. Virtual photon-real photon fusion diagrams
Charged fermions and W boson contribute to the one-loop γ * γ fusion diagrams. Note that one of the two γ's is virtual. Since the couplings of the Higgs boson to fermions are proportional to the fermion masses, we only consider top quark for the charged fermion loop diagrams. The γ * γ fusion diagrams we calculate are shown in Fig.1 and 2 . Calculation is straightforward and we make full use of FeynCalc [10] . We obtain the contribution from the one-loop γ * γ fusion diagrams to the gauge invariant scattering amplitude as follows: 4) with 5) where e and g are the electromagnetic and weak gauge couplings, respectively, and N c = 3 and Q t = 2 3 . S γγ (T ) and S γγ (W ) are contributions from top loops and W loops, respectively, and are expressed in terms of scalar integrals, more specifically, in terms of the Passarino-Veltman two-point integrals B 0 's and three-point integrals C 0 's [11] , may be considered as a transition form factor of the Higgs boson. In the limit t → 0, G γγ (t) reduces to 8) where F 1/2 and F 1 are the top-quark and W-boson loop contributions to H → γγ decay amplitude [12] . They are given, for example, in Eq.(2.17) of Ref. [13] . The W-boson contribution |m W S γγ (W ) | is much larger in magnitude than the top-quark contribution | 
B. Z boson-real photon fusion diagrams
The one-loop Z * γ fusion diagrams for the Higgs production are obtained from the one-loop γ * γ fusion diagrams given in Figs.1 and 2 by replacement of the photon propagator with that of Z boson with mass m Z . Charged fermions and W boson contribute to the one-loop Z * γ fusion diagrams. Again we only consider top quark for the charged fermion loop diagrams. We calculate the contribution from the Z * γ fusion diagrams and obtain, 9) with
where f Ze and f Zt are the strength of vector part of the Z-boson coupling to electron and top quark, respectively, and are given by 11) with θ W being the Weinberg angle. The axial-vector part of the Z-boson coupling to top quark (see Eq.(A6)) has a null effect and we find
C. "W νe" one-loop diagrams
The Feynman diagrams involving W boson and electron neutrino, which are shown in Fig.3 , also contribute to the Higgs production in e − γ collision. They yield the "W ν e " amplitude which is written in the following form, 13) where the factor (1 − γ 5 ) is due to the e-ν-W vertex. Thus, when the electron beams are right-handedly polarized, these "W ν e " diagrams do not contribute. The factor F (W νe)β is written in a gauge invariant form as 14) where S W νe 15) and 
The last one-loop contributions to the Higgs production in e − γ collision come from the Feynman diagrams shown in Fig.4 . These "Ze" diagrams give the following amplitude, 17) where the factor (f Ze + γ 5 ) 2 arises from the Z-boson coupling to electrons. The factor F (Ze)β is written in a gauge invariant form as 18) where 19) and
The explicit expressions of the scalar integrals B 0 's, C 0 's and D 0 's which appear in Eqs. (2.19) and ( 
III. HIGGS PRODUCTION CROSS SECTION
One of the advantages of linear colliders is that we can acquire highly polarized colliding beams. Let us consider the Higgs production reaction (2.1) when both the initial electron and photon beams are fully polarized. We denote the polarizations of electron and photon as P e = ±1 and P γ = ±1, respectively 2 . The differential cross section for e − γ → e − H with the initial electron and photon polarizations P e and P γ is expressed by,
where A(P e , P γ ) is written at one-loop level as
In the center-of-mass (CM) frame, t and u are expressed as
where θ is the angle between the initial and scattered electrons. We are dealing with e − γ collision in high energy limit and thus neglecting the electron mass. In massless limit the helicity of electron is conserved. Then the angular momentum conservation along the direction of the initial electron requires that the amplitude A(P e , P γ ) should vanish at θ = 0. Hence, apart from the photon propagator which appears as 1 t , an overall factor t arises in the differential cross section. Also when the electron is scattered in the backward direction, the amplitude A(P e , P γ ) with P e P γ = −1 should vanish at θ = π due to the angular momentum conservation. Hence the differential cross section for the initial beams with P e P γ = −1 vanishes as
When an initial electron is polarized with polarization P e , we modify u(k 1 ) as
In the center-of-mass frame where a photon with momentum k 2 is moving in the +z-direction, the circular polarization (P γ = ±1) of photon is taken to be
In this frame, the momenta k 2 , k 1 and k 6) and we find that the polarization tensor of the circularly polarized photon is given by
With ε 0123 = 1, we obtain in this frame
Using Eqs.(3.4) -(3.8), we evaluate final electron spin |A(P e , P γ )| 2 and obtain the differential cross section for e − γ → e − H for each case of polarizations of the electron and photon beams. In order to see the relative contributions from γ * γ fusion, Z * γ fusion, "W ν e " and "Ze" diagrams, we evaluate the differential cross section given in Eq.(3.1) replacing A(P e , P γ ) with A γγ (P e , P γ ), A Zγ (P e , P γ ), A W νe (P e , P γ ) and A Ze (P e , P γ ), respectively. We obtain
Ze + 2P e f Ze + 1)
(3.12)
When the initial electron is right-handed (P e = +1), there is no contribution from the "W ν e " diagrams and we indeed see that dσ(s, P e = +1, P γ ) (W νe) /dt = 0. Also using the fact that S
vanish at u = 0, we find that the above four differential cross sections reduce to zero as u → 0 for the case P e P γ = −1. In order to examine the differential cross section for e − γ → e − H given in Eq.(3.1), we need to evaluate the interference terms among the four amplitudes A γγ (P e , P γ ), A Zγ (P e , P γ ), A W νe (P e , P γ ) and A Ze (P e , P γ ). The expressions of the six interference terms are given in Appendix C. Now we analyze numerically the differential cross section dσ (eγ→eH) (s, P e , P γ )/dt together with the other four differential cross sections given in Eqs.(3.9)-(3.12). We choose the mass parameters and the coupling constants as follows:
The electromagnetic constant e 2 is chosen to be the value at the scale of m Z . We plot these differential cross sections as a function of −t/m 2 h in Fig. 5 and Fig. 6 for the cases √ s = 200GeV and √ s = 400GeV, respectively. The graphs are shown for each case of polarizations of the electron and photon beams. First we find that the contribution from the "Ze" diagrams is very small for all cases compared with those from the other three. Actually, it is negligibly small when P e P γ = −1. In such cases, the terms with dominant |S
Also we see that when P e P γ = −1 all the graphs indeed diminish as u → 0.
For the case of polarizations P e = −1 and P γ = ±1, a dominant contribution at smaller |t|, more specifically, up to −t/m 2 h = 1, comes from the γ * γ fusion diagrams. This is due to the factor (−1/t) in the expression (3.9) for dσ (γγ) /dt, which arises as (−t) × (1/t 2 ) with 1/t coming from the photon propagator. For 1 < −t/m 2 h < 1.5, the contributions to the differential cross section from γ * γ fusion, Z * γ fusion and "W ν e " diagrams become the same order, and at −t/m 2 h > 1.5 (see Fig.6 ), the contribution of "W ν e " diagrams prevails over the other two, since "W ν e " diagrams do not have propagator factors such as 1/t and 1/(t − m 2 Z ). For P e = −1 and P γ = ±1, the interference between A γγ and A Zγ works constructively, while the one between A γγ and A W νe works destructively and its effect becomes large at −t/m 2 h > 1.5. Thus the values of dσ (eγ→eH) /dt become smaller than those of dσ (γγ) /dt, dσ (Zγ) /dt and dσ (W νe ) /dt (see Fig.6 ). For the electron polarization P e = +1, no contribution comes from "W ν e " diagrams. The interference between A γγ and A Zγ for P e = +1 and P γ = ±1 works destructively and its effect is large even from small −t/m 2 h . Therefore, dσ (eγ→eH) /dt decreases rather rapidly as −t/m 2 h increases. Integrating the differential cross section given in Eq.(3.1) over t, we obtain the Higgs production cross section
It is known that the forward and backward directions in an e − γ collider are blind spots for detection of scattered particles. So we set kinematical cuts for the scattered electron in e − γ collision. We choose the allowed region of θ in the CM frame given in Eq.(3.3) as 10
• ≤ θ ≤ 170
• , which leads to the integration range of t in Eq.(3.15) as
• ). We find that imposition of kinematical cuts reduces the contribution of γ * γ fusion diagrams but has almost no effects on the contributions of the other Z * γ fusion, "W ν e " and "Ze" diagrams.
Similarly we define σ (γγ) (s, P e , P γ ), σ (Zγ) (s, P e , P γ ), σ (W νe) (s, P e , P γ ) and σ (Ze) (s, P e , P γ ) by integrating the expressions given in Eqs.(3.9)-(3.12) over t. We plot these cross sections in Fig.7 as a function of √ s ( √ s ≥ 130 GeV) for each case of polarizations of the electron and photon beams. The detailed behaviors of σ (eγ→eH) (s, P e , P γ ) in linear scale are summarized in Fig.8 . For the case P e P γ = −1, the Higgs production cross section σ (eγ→eH) is very small at √ s = 130 GeV, since the integration range of t is small and the differential cross section vanishes as t → t min . The cross section σ (eγ→eH) (s, P e = −1, P γ = +1) rises gradually up to about 2 fb, while σ (eγ→eH) (s, P e = +1, P γ = −1) increases rather slowly up to 0.4 fb. This is due to the interference between A γγ and A Zγ , which acts constructively for (P e = −1, P γ = +1) but destructively for (P e = +1, P γ = −1). For the case P e P γ = +1, the cross section σ (eγ→eH) is about 2 fb at √ s = 130 GeV. The cross section σ (eγ→eH) (s, P e = −1, P γ = −1) rises above 3 fb around √ s = 200
GeV and then gradually decreases as √ s increases. This is due to the destructive interference both between A W νe and A γγ and between A W νe and A Zγ at the range of large −t. Again the destructive interference between A γγ and A Zγ is responsible for the decrease of σ (eγ→eH) (s, P e = +1, P γ = +1) as √ s increases. . In the plots of (Pe = +1, Pγ = −1) and (Pe = −1, Pγ = +1), dσ (Ze) /dt is too small and is out of the plot range.
IV. ANALYSIS OF HIGGS PRODUCTION IN e − γ COLLISION
A high-intensity photon beam can be produced by laser light backward scatterings off a high energy electron beam, e − γ Laser → e − γ, where the backward-scattered photon receives a major fraction of the incoming electron energy [14] . Its energy distribution depends on the polarizations of the initial electron (P e2 = ±) and laser photon (P Laser = ±). Assuming, for simplicity, that a low energy laser photon (typically a few eV) has a head-on collision with an electron with high energy (typically 125-250 GeV), we calculate the energy spectra of the scattered photon for different combinations of polarizations of the initial beams and also of the scattered photon. In this situation, the laser photon is scattered backwards and gains a large portion of the electron energy. The energy spectrum of the scattered photon, which is the sum of two helicity states (P γ = ±1), is given by [15] :
where E e2 and E Laser are energies of the initial electron and laser photon, respectively, σ C is the total cross section of Compton scattering and y = ω Ee2 with ω being energy of the scattered photon. The variable r is defined as r = y x(1 − y)
, 2) where m e is the electron mass. The maximum value of y is given by
3)
The parameter x should be less than 4.83, since the laser photons cannot be too energetic so that the scattered high energy photons may not disappear by colliding with other laser photons to produce e + e − pairs [15] . We assume The kinematical cut is chosen such that the allowed angle θ of the scattered electron in the CM frame is 10
the use of laser photons with energy 2.33eV (corresponding to the YAG laser with wave-length 532nm) for the case of an electron beam with energy 125GeV and those with energy 1.17eV (the YAG laser with wave-length 1064nm) for an electron beam with energy 250GeV. For both cases we obtain x = 4.46 and the energy spectra of the scattered photons are described by the same graph shown in Fig.9 . The solid blue and red curves represent the spectra for the cases when the initial electron and laser photon have the opposite polarizations (P e2 P Laser = −1) and the same polarizations (P e2 P Laser = +1), respectively. We see from Eq.(4.3) that 82% of the electron energy can be transferred to the scattered photon at the maximum. Actually we need the energy spectrum for each helicity state P γ of the scattered photon. We use GRACE [16] to calculate these two helicity-components. The result is also shown in Fig.9 . The dashed and dotted (blue and red) curves show the helicity-flip (P γ = −P Laser ) and helicity-non-flip (P γ = P Laser ) components of the scattered photon, respectively, and the solid curves represent the sum of the two, which are expressed by Eq.(4.1). It is noted that the spectrum with a peak at the kinematic endpoint, y = y max , is obtained when P e2 P Laser = −1 (the thick solid blue curve in Fig.9 ). The highest energy photons are produced by the helicity-flip process (the dashed curves) and their helicity P γ is the opposite of P Laser . Therefore, we are particularly interested in the spectrum for the case P e2 P Laser = −1, where the helicity-flipped component dominates the large y region while helicity-conserved component occupies the small y region.
Suppose we have a highly polarized e − e − collider machine. Converting one of the electron beams to photon beam by means of backward Compton scattering of a polarized laser beam, we obtain an e − γ collider with high polarization. Dividing the energy spectrum of the scattered photon, 1 σC dσC dy given in Eq.(4.1), into two pieces N (y, E e2 , E Laser , P e2 , P Laser , P γ ) depending on its helicity P γ , the Higgs production cross section for e for the cases of (ELaser = 2.33eV, Ee2 =125GeV) and (ELaser = 1.17eV, Ee2 =250GeV). For both cases, the energy spectra are described by the same graph. The blue and red curves represent the spectra when the initial electron and laser photon have the opposite polarizations (Pe2PLaser = −1) and the same polarizations (Pe2PLaser = +1), respectively. The dashed and dotted curves show the helicity-flip (Pγ = −PLaser) and helicity-non-flip (Pγ = PLaser) components of the scattered photon, respectively, and the solid curves represent the sum of the two.
in an e − e − collider, whose beam energies are E e1 and E e2 and polarizations are P e1 and P e2 , is expressed as 3 , σ eγ collision (s ee , E Laser , P e1 , P e2 , P Laser ) = Pγ dy N (y, E e2 , E Laser , P e2 , P Laser , P γ )σ (eγ→eH) (s, P e1 , P γ ), (4.4) where σ (eγ→eH) (s, P e1 , P γ ) is given in Eq.(3.15) with P e replaced by P e1 , and s ee is the CM energy squared of the two initial electron beams and related to s as s = ys ee . The integration range of y is given by y min ≤ y ≤ y max with y min = 0.25(0.0625) for the case E e2 (= E e1 ) = 125GeV (250GeV).
√ s ee GeV P e1 P Laser σ cut fb S/ A feasible channel to observe the SM Higgs boson with mass 125GeV is bb decay, since it has a large branching ratio. We analyze the cross section of the Higgs production through bb decay channel, e + γ → e + H → e + b +b. The energy spectrum of the photon beam is given by N (y, E e2 , E Laser , P e2 , P Laser , P γ ) with P e2 P Laser = −1. We consider the two cases: (i) E Laser = 2.33eV, E e2 =125GeV and (ii) E Laser = 1.17eV, E e2 =250GeV. Both cases give the same spectrum. Note that we take the case P e2 P Laser = −1 so that the spectrum has a peak at the highest energy which corresponds to the blue solid curve in Fig.9 . The Monte Carlo method is used. The angle cuts of the scattered electron and b(b) quarks are chosen such that the allowed regions are 10
• ≤ θ e − ≤ 170
• and 10
• , respectively, and the energy cuts of these particles are set to be 3GeV. The Monte Carlo statistical error is about 0.1% when sampling number is taken to be 200,000.
In Table I we show the results of the Higgs production cross section σ cut for the cases √ s ee = 250GeV and √ s ee = 500GeV and for each combination of polarizations P e1 and P Laser . In the case √ s ee = 250GeV (and thus E e2 =125GeV), we obtain y min =0.25, y max =0.82, and √ s max ≡ √ y max s ee =226GeV. Hence the cross section σ (eγ→eH) (s, P e1 , P γ ) with s ≤ s max is convolved with the photon energy spectrum in Eq. (4.4) . The behaviors of σ (eγ→eH) (s, P e , P γ ) for various polarizations P e and P γ with √ s below 226GeV which are shown in Fig.8 and the fact that the helicity-flipped (P γ = −P Laser ) component (the dashed blue curve) has a peak at y = y max and dominates the spectrum region 0.5 < y < y max (see Fig.9 ) lead to an expectation
for √ s ee = 250GeV. The Monte Carlo results on σ cut given in Table. I confirm our expectation. On the other hand, the Monte Carlo results for the case √ s ee = 500GeV show σ cut (P e1 = −1, P Laser = −1) > σ cut (P e1 = −1, P Laser = 1) and σ cut (P e1 = 1, P Laser = 1) > σ cut (P e1 = 1, P Laser = −1). The changes of order in size of cross sections are explained as follows. For √ s ee = 500GeV, we obtain y min =0.0625, y max =0.82, and √ s max =452GeV. Fig.9 tells us that the helicity-conserving component (the dotted blue curve) dominates at smaller region of y, i.e., y min ≤ y < 0.5. And we see from Fig.8 , both σ (eγ→eH) (s, P e = −1, P γ = −1) and σ (eγ→eH) (s, P e = 1, P γ = 1) increase as √ s gets smaller from √ s max . These two factors give a concise account of the results on σ cut for √ s ee = 500GeV given in Table. I.
We also analyze the significance S/ √ B of the Higgs production in e − γ collision. The bb decay channel of the Higgs boson in e − γ collision has a substantial background. Two examples of the background processes are shown in Fig.10 . Especially a huge background appears at the Z-boson pole. However, it is expected that when we measure the invariant mass m bb of b andb quarks, the background is small in the region m bb >120GeV compared with the signals of the Higgs production. We use GRACE to write down all the tree Feynman diagrams for e + γ → e + b +b and to evaluate their contributions to the background cross section. We assume that the integrated luminosity is 250fb −1 . The significance is calculated by taking samples in the regions 120GeV ≤ m bb ≤ 130GeV at the parton level. The results are given in Table I . Large values of significance are obtained for the cases of (P e1 , P Laser ) = (1, −1) and (−1, 1) with √ s ee = 250GeV and (P e1 , P Laser ) = (−1, ∓1) with √ s ee = 500GeV. We, therefore, conclude that the Higgs boson will be clearly observed in e − γ collision experiments. Finally we show the results of our Monte Carlo analysis on the differential cross section dσ cut /d(t/m 2 h ) of the Higgs production through bb decay channel in e − γ collision in an e − e − collider. In Fig.11 we plot dσ cut /d(t/m 2 h ) as a function of −t/m 2 h for the cases (a) √ s ee = 250GeV and (b) √ s ee = 500GeV, and for each combination of polarizations P e1 and P Laser . The kinematical cuts are the same as before. The behaviors of the four differential cross sections in Fig.11(a) are consistent with the observation that, for √ s ee = 250GeV, the helicity-flipped (P γ = −P Laser ) component dominates the photon spectrum and with the results on dσ (eγ→eH) /d(t/m 2 h ) (black solid lines) for √ s =200GeV in Fig.5 . Also these four differential cross sections are in conformity with the numerical values of σ cut (fb) for √ s ee = 250GeV in Table  I . In the case √ s ee = 500GeV, the lower region of y, i.e., 0.0625 < y < 0.5 where the helicity-conserving component dominates the photon spectrum, participates in the convolution integral in Eq.(4.4) as well. Together with the results on dσ (eγ→eH) /d(t/m 2 h ) (black solid lines) for √ s =400GeV in Fig.6 , this explains the behaviors of the four differential cross sections in Fig.11(b) . The crossover of the blue (P e1 = −1, P Laser = 1) and red (P e1 = −1, P Laser = −1) lines near −t/m 2 h = 3 gives an account of the change in order of size for σ cut in Table I . We see a sharp drop of dσ cut /d(t/m 2 h ) for the case P e1 = 1 (see the black and green plots in Fig.11 (a) and (b) ). This is due to the fact that, for the case P e1 = 1, no contribution comes from "W ν e " diagrams and the interference between γ * γ and Z * γ fusion diagrams works destructively.
In Ref. [9] , we have pointed out the transition form factor of the Higgs boson via γ * γ fusion and its feasibility of observation in e − γ collision experiments. We see from Table I rather large significances for both √ s ee = 250GeV and √ s ee = 500GeV in the case of P e1 = −1. See also the blue and red plots in Fig.11 (a) and (b). As regards the differential cross section for the Higgs production, we find that the contribution of γ * γ fusion diagrams is dominant up to −t/m 2 h = 1 for the case of P e1 = −1. Hence we conclude that when the left-handed electron beam is used, the transition form factor of the Higgs boson is measurable and extracted from the differential cross section for the Higgs production up to −t/m 2 h = 1.
V. SUMMARY
We have investigated the SM Higgs boson production in e − γ collision. The electroweak one-loop contributions to the scattering amplitude for e − γ → e − H were calculated and they are expressed in analytical form. Since large polarizations for the initial beams can be obtained in linear colliders, we analyzed both the differential cross section dσ (eγ→eH) (s, P e , P γ )/dt and cross section σ (eγ→eH) (s, P e , P γ ) for each combination of polarizations of the electron and photon beams. It is found that (i) both the differential cross section and cross section are significantly dependent on the polarizations of the electron and photon beams; (ii) the interferences between γ * γ and Z * γ fusion diagrams and between γ * γ fusion and "W ν e " diagrams, which work destructively or constructively depending on the polarizations of the initial beams, are important factors affecting the behaviors of both the differential cross section and cross section; (iii) for P e = −1, the contribution to dσ (eγ→eH) /dt from γ * γ fusion diagrams is dominant for −t/m 2 h ≤ 1. Thus the transition form factor of the Higgs boson is measurable and extracted from the differential cross section for the Higgs production up to −t/m 2 h = 1, when the left-handed electron beam is used; (iv) the "W ν e " diagrams do not contribute to the reaction e − γ → e − H for P e = +1. But they take part in the reaction for P e = −1, together with the γ * γ fusion and Z * γ fusion diagrams. (v) the contribution from "Ze" diagrams is extremely small and can be negligible.
We analyzed the cross section of the Higgs production through bb decay channel, e + γ → e + H → e + b +b, in e − γ collision in an e − e − collider. A high energy photon beam was assumed to be produced by laser light backward scatterings off one of the high energy electron beams of the e − e − collider. We obtained large values of significance √ S/B for the Higgs production for both √ s ee = 250GeV and √ s ee = 500GeV. We therefore conclude that the Higgs boson will be clearly observed in e − γ collision experiments. As a final comment, we point out that in an e − γ collider, the photon structure functions can be measured by the single electron-tagging experiments. The analyses of photon structure functions have been intensively performed by using perturbative QCD [17] .
Therefore, analytic continuation is necessary for the variable s from s < 0 to s > m 2 h .
The integrals are expressed in terms of the following ratios:
1. Two-point integrals
The ultraviolet divergences appear in the scalar two-points integrals B 0 's and they are expressed by the 1 ǫ terms in dimensional regularization. But when we take difference between two B 0 's, the result becomes finite. Specifically we obtain
Three-point integrals
We introduce the following parameters:
The three-point integrals given below are all finite except for the last two. 
The four-point integral D 0 (0, 0, 0, m ), which appears in Eqs. (2.19) and (2.20) , corresponds to the one given in Eq.(4.37) of Ref. [18] and also in Eq.(4.13) of Ref. [20] . It has a collinear singularity. After the analytic continuation procedure both for dilogarithms and logarithms [18] , we obtain 
log − x Z+ x Z− − log(s Z − 1) 
